PPIs are highly effective and well tolerated. They are extensively used and, potentially, overused in many acid-related disorders (21) (22) (23) . PPI overuse in cirrhotic patients is documented in the literature (24, 25) .
The primary outcome of our study was to evaluate whether the use of PPIs is associated with the development of SBP in cirrhotic patients with ascites. The secondary outcome was to evaluate whether the indications for PPI use in our study population were appropriate.
METHODS

Study population and identification of cases and controls
A retrospective review of all consecutive patients admitted between June 2004 and June 2010 with the diagnosis of cirrhosis with ascites according to International Classification of Diseases, Ninth Revision codes was performed at the Centre Hospitalier de l'Université de Montréal, a tertiary care hospital located in Montreal, Quebec. After identification of these patients, the charts were reviewed for the presence or absence of SBP. SBP cases were defined as paracentesis yielding ≥250 polymorphonuclear white blood cells (PMNs) per cubic millilitre with or without a positive culture of ascitic fluid within seven days of admission. Also used was a computerized list of patients with a neutrophil count in their ascitic fluid to ensure that all potential patients were identified. The non-SBP patient group (controls) were cirrhotic patients who underwent diagnostic paracentesis but were negative for SBP (PMN count <250 cells/mm 3 and a negative ascitic culture). Patients who had an unreliable medication list on hospital admission, antibiotic use with the exception of metronidazole for treatment of hepatic encephalopathy, immunosuppressant use, gastrointestinal bleeding (within 14 days before hospital admission), HIV infection or previous episode of SBP were excluded. All identified cases were communityacquired SBP. Each SBP patient was then matched according to age, year of admission and Child-Pugh-Turcotte (CPT) class, with two cirrhotic patients with ascites admitted for reasons other than SBP (1:2 ratio).
Recorded information
Information regarding demographics, reason for hospital admission, cirrhosis etiology, history of variceal bleeding or hepatic encephalopathy, diabetes, CPT classification, Model for End-stage Liver Disease (MELD) score, history of PPI use before admission (indication, dose and duration) and 30-day survival rate was collected. The laboratory blood tests included total bilirubin, albumin, creatinine and sodium levels, and international normalized ratio on admission. Ascitic fluid data included polymorphonuclear neutrophils, protein levels (when available) and bacteriological confirmation of SBP (when available).
PPI use and indication definitions
Patients were defined as PPI users if they had taken a PPI daily for at least two weeks before hospital admission. Information regarding PPI exposure was retrieved from both physician admission/emergency notes and outpatient medication lists provided by retail pharmacies and/or pharmacist drug history. To assess the duration of and indication for PPI therapy, previous hospitalization medical records were reviewed in addition to outpatient follow-up medical notes because the majority of the authors' patients were already followed by hepatologists at their centre. Appropriate PPI indication was defined as gastroesophageal reflux disease, peptic ulcer disease, Barrett's esophagus, dyspepsia, alcoholic gastritis, Helicobacter pylori infection, and postesophageal variceal sclerotherapy or banding (EVL). Peptic ulcer disease treatment and post-EVL were considered to be inappropriate indications if the treatment duration exceeded three months or two months, respectively.
Statistical analysis
Non-normally distributed continuous variables are presented as median (quartile 1 to quartile 3). The Wilcoxon Mann-Whitney test was used to compare the two groups. Proportions were used for categorical variables and the Pearson χ 2 test (or the Fisher's exact test) was used to the compare the two groups. The relationship between SBP and exposure to PPIs was evaluated using conditional logistic regression (univariate and multivariate) to calculate the ORs. Multivariate analysis was used to measure the potential effect of confounders. The covariates included in the model were sex, diabetes, serum sodium level and MELD score. With regard to the secondary outcome, the percentage of patients receiving a PPI for an appropriate indication was calculated. In all analyses, P<0.05 was considered to be statistically significant. MELD scores were calculated according to the method used by the United Network for Organ Sharing (www. mayoclinic.org).
RESULTS
A total of 1083 charts from patients with cirrhosis and ascites were reviewed. Paracentesis-proven SBP was confirmed in 242 cases. In all cases, antibiotics were started after the diagnostic paracentesis. From these 242 cases, 72 were excluded because the infection was diagnosed >7 days after admission (nosocomial SBP), 19 because they experienced a previous SBP episode, 71 because they were receiving immunosuppressant medication, 22 because of antibiotic use and 14 because of bleeding within 14 days before hospitalization. The remaining 51 cases with community-acquired SBP were then matched according to age, CPT class and year of admission with 102 cirrhotic patients with ascites without SBP. The main reasons for hospital admission in patients without SBP were ascites (32%), hepatic encephalopathy (13%), pretransplant evaluation (11%), alcoholic hepatitis (10%), acute-onchronic liver failure (7%) and transjugular intrahepatic portosystemic shunt (5%).
The clinical characteristics of the two groups are summarized in Table 1 . There were no significant differences in baseline demographics and clinical parameters. The median age was 60 years and the majority of patients were men. The percentage of patients with CPT class C (78%) and class B (22%) were similar in the two groups. There was no significant difference in ascitic fluid protein concentration in patients with SBP compared with those without SBP, but data were available from only 67% and 57% of patients, respectively.
Among the patients with SBP, the proportion taking PPIs before admission was 61% compared with 42% in those without SBP; the difference was significant (P=0.03) ( Table 1) . Details of PPI use in the two groups are shown in Table 2 . No significant differences were observed for PPI dosage (standard versus double dosing) and overall indications between the two groups. Among documented indications, inappropriate indications for PPI use were found in 45% of SBP patients (nine of 20 cases) compared with 25% of patients without SBP (seven of 28 controls) (P=0.147). No documented indication for PPI use was found in 36% (11 of 31) of SBP patients compared with 35% of patients (15 of 43) without SBP.
On multivariate analysis, PPI use was the only factor independently associated with the occurrence of SBP (OR 2.09 [95% CI 1.04 to 4.23]; P=0.04) ( Table 3) .
Bacteriological confirmation was available in 26 of 51 (51%) cases. Gram-positive organisms were found in nine (18%) patients and Gram-negative organisms were found in 17 (33%) patients (Table 4) . There was no statistical difference in Gram species between PPI users and nonusers. The mortality rate at 30 days was 20% among patients with SBP and 9% among patients without SBP, mostly from hepatic failure (P=0.057).
DISCUSSION
The results of the current study support an association between PPI use and the development of SBP in cirrhotic patients with ascites. At the time we initiated our study, there were only two published studies that evaluated the relationship between PPI use and SBP in cirrhotic patients as a primary end point but their results were contradictory (16, 18 (14) compared 65 cirrhotic patients with SBP with 65 patients without SBP. The CPT score was significantly higher in the SBP group (P=0.046). In the multivariate analysis, after adjusting for CPT score, patients who did not use PPI in the previous 90 days were 71% less likely to develop SBP than those who used PPI in the previous seven days (OR 0.29 [95% CI 0.13 to 0.68]; P=0.004). In this study, patients who received previous antibiotics were not excluded because it was performed in the previously described studies, but the authors believed that it did not influence their results. Finally, de Vos et al (26) compared 51 unmatched cirrhotic patients with SBP with 51 cirrhotic patients without SBP. The study showed that cirrhotic patients with SBP received PPIs twice as often as noninfected cirrhotic patients with ascites; however, in the multivariate analysis, PPI use was not associated with SBP (P=0.1). The only parameter significantly associated with SBP was international normalized ratio (P=0.007).
A recent meta-analysis including eight studies (n=3815) (27) showed that cirrhotic patients receiving a PPI had approximately three times the risk of developing SBP compared with patients not receiving PPIs (OR 3.15 [95% CI 2.09 to 4.74]). The five studies discussed above were included in the meta-analysis plus two retrospective cohort studies available as abstracts (28,29) and one prospective cohort study (30) . 
Staphyloccocus species 6
Streptoccocus species 3
Gram negative
Escherichia coli 7
Klebsiella species 4
Enterobacter species 2
Haemophilus influenza 1
Campylobacter fetus 1
Pseudomonas aeruginosa 1
Bacteroides fragilis 1
The methodology used in our study was very similar to the study by Bajaj et al (18) . We matched cases and controls for age and CPT class, the latter factor being very important because the severity of the disease is associated with a greater risk for developing SBP. We also considered the potential bias of time on PPI prescribing habits by matching cases and controls according to year of admission. We hypothesized that if there was a change in PPI prescribing habits over the years, both groups would be affected equally. Confounding factors, such as previous gastrointestinal bleeding, SBP episode(s), or antibiotic or immunosuppressant use, were excluded. Due to our stringent inclusion and exclusion criteria, we were not able to recruit more than 51 cases, but we found two controls per SBP case. Because paracentesis is not performed routinely on admission in cirrhotic patients with ascites at our centre, it was difficult to recruit more than two controls for every case of SBP.
On multivariate analysis, PPI use was the only factor independently associated with SBP (OR 2.09 [95% CI 1.04 to 4.23]; P=0.04). MELD score was found to have a nonsignificant effect (OR 1.05 [95% CI 0.99 to 1.11]; P=0.06). It would have been interesting to know whether ascitic fluid protein concentration was protective against SBP but no conclusion can be drawn because data were missing for nearly 40% of the patients in both groups. These missing data could be explained by the fact that radiologists frequently perform parencentesis in our centre and they do not request ascitic fluid concentration routinely.
The secondary outcome of our study was to evaluate whether the indications for PPI use in the study population were appropriate. The results show, as in previous observations, an overuse of PPI in cirrhotic patients (24, 25) . The fact that 35% of patients with SBP and 36% of patients without SBP received a PPI without any documented indication is concerning. In addition, only 55% and 75% of SBP cases and controls, respectively, received a PPI for an appropriate indication as defined in our study.
It is a common practice to prescribe a PPIs after esophageal variceal sclerotherapy or banding to prevent or heal postprocedure ulcerations. Some data from uncontrolled nonrandomized studies showed that PPIs may have a role in the prevention and healing of ulcerations postesophageal sclerotherapy (31) . In a double-blinded randomized placebo-controlled trial, the short-term use of pantoprazole (10 days) after elective band ligation was associated with a significant reduction of the size of ulcers but had no effect on the overall number of ulcers or in symptoms related to the procedure (32) . In our study, PPI use post-EVL was considered to be appropriate if used for ≤2 months postvariceal ligation. Even with this broad definition, we observed that PPI use was pursued for longer periods post-EVL without medical or pharmacological reason.
One of the strengths of our study was the fact that we used two reliable sources to document PPI use. The medication list documented by physician notes and a complete medication list copy provided by retail pharmacies or hospital pharmacist drug history were considered to be trustworthy. Because PPIs are not available over the counter in Canada, it was easier to evaluate the duration of use. In our opinion, all patients taking PPIs for at least 30 days before admisson better reflects PPI use than the minimum of 14 days that was initially defined in our protocol.
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CONCLUSION
Our study has shown that PPI use in cirrhotic patients with ascites is an independent risk factor for developing SBP. Our data reinforce the previous positive link between PPI use and SBP observed in other retrospective case-control studies. Ideally, a prospective randomized study should be conducted; however, such a study would be difficult to perform and ethically questionable. In the meantime, PPI indications in cirrhotic patients should be frequently re-evaluated with particular attention devoted to duration of use, especially following EVL. The minimal effective PPI dose should be used in advanced cirrhosis because it is known that PPI exposure is increased in these patients because of an altered pharmacokinetic profile. The double-standard dose should also be avoided whenever possible.
